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Abstract
Miharaite is found in bismuth-rich ore from the Imooka mine, Okayama Prefecture, Japan. It occurs associating 
with bornite having chalcopyrite lamellae, sometimes with wittichenite, and rarely with galena. The Physico-chemical 
data of chemical and crystallographic data are very similar to those from type locality, the Mihara mine, Okayama 
Prefecture, Japan. Crystallographic data of miharaite from this mine show orthorhombic, space group Pbmm, cell 
parameters a=10.870(3), b=11.970(3), c=3.868(1)Å with composition of Cu4.00Fe1.00Pb1.00Bi1.00S4.00. To examine thermal 
stability of miharaite, ore specimen composed of miharaite, bornite with chalcopyrite lamellae, wittichenite and gale-
na were performed for the heating experiments in evacuated silica glass tube. Miharaite was stable up to 250°C. 
Then, it start to react with bornite at 275°C and the marginal part shows the micro-graphic intergrowth with heating 
products and Bi-bearing bornite solid-solution, until disappearance at 350°C. Heating products remain showing the 
graphic intergrowth in bornite solid-solution until 475°C. Based on the texture, occurrence and heating experiments 
of miharaite, bornite was originally crystallized as solid-solution with chalcopyrite lamellae below 400°C. Then, mi-


























三原鉱は元産地の三原鉱山から発見されて以後［Sugaki et. al., 1980］、岡山県伊茂岡鉱山［苣木
ら 1976b; Sugaki et. al., 1980］、兵庫県明延鉱山［福岡 1981，1982］、韓国［Seon and Imai, 1983］、ブ





























に用いた装置は日本電子製 JEOL JXA 8800型（波長分散型）で、分析条件は 20 kV、ビーム径： 
1μm、ビーム電流：10 nAであった。標準試料に黄銅鉱（Cu-Kα, Fe-Kα, S-Kα）、合成 PbS （Pb-Lα）
および合成 Bi2S3 （Bi-Lα）を用いた。
EPMAでの定性分析では Cu, Fe, Pb, Biおよび Sのみ検出され、それ以外の元素は検出限界（0.1 
wt%）以下であった。
分析結果は【Table 1】に、比較のため三原鉱山産試料の分析値の平均値を示している。全元素
を 13とした時の Cu : Fe : Pb : Bi : S比は両者とも 4.00 : 1.00 : 1.00 : 1.00 : 6.00で理想式 Cu4FePbBiS6
と良く一致し、固溶体をほとんど形成していない事が判明した。韓国 Ulsan鉱山産の三原鉱［Seon 






Imooka mine Mihara mine
1 2 3 4 5 6 7 8 9 10 Average Average
wt%
Cu 27.70 27.85 27.75 27.70 27.69 27.56 27.72 27.52 27.84 27.68 277.01 27.70 27.62 
Fe 6.13 6.09 6.08 6.02 6.12 6.10 6.02 6.06 6.12 6.08 60.82 6.08  6.08 
Pb 22.53 22.62 22.55 22.35 22.43 22.42 22.71 22.72 22.62 22.60 225.55 22.56 22.62 
Bi 22.68 23.12 22.68 22.70 22.81 22.85 22.65 22.70 22.73 22.75 227.67 22.77 22.72 
S 20.95 21.06 20.97 20.92 20.96 20.92 20.94 20.92 21.02 20.95 209.61 20.96 20.90 
Total 99.99 100.74 100.03 99.69 100.01 99.85 100.04 99.92 100.33 100.06 1000.66 100.07 99.95 
at%
Cu 30.78 30.78 30.82 30.86 30.76 30.70 30.83 30.66 30.83 30.77 307.78 30.78 30.75 
Fe 7.75 7.66 7.68 7.63 7.74 7.73 7.62 7.68 7.71 7.69 76.89 7.69  7.70 
Pb 7.68 7.67 7.68 7.64 7.64 7.66 7.75 7.76 7.68 7.70 76.86 7.69  7.72 
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Bi 7.66 7.77 7.66 7.69 7.71 7.74 7.66 7.69 7.65 7.69 76.92 7.69  7.69 
S 46.13 46.13 46.16 46.19 46.15 46.18 46.15 46.20 46.13 46.15 461.55 46.16 46.12 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 1000.00 66.6667 100.00 
Total atoms=13
Cu 4.001 4.001 4.007 4.011 3.999 3.990 4.007 3.986 4.007 4.000 40.011 4.001 3.998 
Fe 1.007 0.996 0.999 0.992 1.006 1.005 0.990 0.999 1.002 1.000 9.996 1.000 1.001 
Pb 0.998 0.997 0.999 0.993 0.994 0.996 1.007 1.009 0.999 1.002 9.992 0.999 1.004 
Bi 0.996 1.010 0.996 1.000 1.002 1.006 0.996 1.000 0.995 1.000 9.999 1.000 1.000 
S 5.997 5.996 6.000 6.004 6.000 6.003 6.000 6.006 5.997 5.999 60.002 6.000 5.996 
5.　Ｘ線粉末回折結果
元産地三原鉱山および伊茂岡鉱山の研磨片から三原鉱を径 1 mmのマイクロドリルで削り取っ











hkl I d(obs.) d(calc.) I d(obs.) d(calc.)
110 10 8.070 8.050 10 8.050 8.049 
200 15 5.437 5.435 20 5.430 5.429 
120 20 5.248 5.243 30 5.250 5.249 
210 20 4.956 4.949 30 4.946 4.946 
130 45 3.748 3.745 60 3.748 3.751 
111 35 3.483 3.486 45 3.485 3.488 
310 30 3.469 3.468 40 3.465 3.465 
021 50 3.251 3.248 70 3.252 3.251 
201 5 3.150 3.151 5 3.150 3.151 
121 5 3.110 3.112 10 3.110 3.115 
320 60 3.098 3.100 55 3.100 3.099 
211 100 3.048 3.047 100 3.050 3.048 
040 10 2.997 2.992 15 3.000 2.998 
140 30 2.887 2.885 30 2.890 2.900 
221 5 2.790 2.788 9 2.790 2.790 
131 25 2.690 2.690 35 2.700 2.693 
410 } 70 2.650 { 2.650 80 2.648 { 2.648 301 2.644 2.644 
311 3 2.581 2.582 10 2.582 2.582 
231 } 45 2.474 { 2.474 50 2.473 { 2.475 420 2.473 2.473 
321 4 2.420 2.419 10 2.418 2.419 
041 20 2.367 2.367 30 2.370 2.370 
150 3 2.339 2.338 5 2.341 2.342 
430 5 2.248 2.246 5 2.248 2.246 
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250 40 2.196 2.191 40 2.195 2.194 
411 50 2.184 2.186 60 2.185 2.185 
241 25 2.170 2.170 30 2.172 2.172 
510 8 2.140 2.139 10 2.137 2.137 
421 3 2.085 2.084 8 2.083 2.084 
151 25 2.002 2.001 20 2.005 2.004 
350 20 1.997 1.997 20 1.998 1.999 
341 55 1.980 1.982 50 1.981 1.983 
431 25 1.941 1.942 25 1.942 1.942 
002 30 1.934 1.934 30 1.935 1.935 











Chemical formula Cu4.00Fe1.00Pb1.00Bi1.00S4.00 Cu4.09Fe1.00Pb1.01Bi1.00S5.91
Crystal system Orthorhombic Orthorhombic
Space group Pbmm Pbmm
Cell constant a（Å） 10.870(3) 10.859(3)
b（Å） 11.970(3) 11.991(3)
c（Å）  3.868(1) 3.870(1)
















る。その 420℃と 300℃での斑銅鉱固溶体領域は既に研究されている［Sugaki et. al., 1981, 1984］。
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高温で固溶した Biは温度低下により、ウィチヘン鉱として斑銅鉱中に葉片状や格子状をなして










































Cu Fe Pb Bi S Total Cu Fe Pb Bi S
250℃
63.1 11.1 0.0 0.0 25.3 99.5 50.2 10.0 0.0 0.0 39.8 
63.4 11.0 0.0 0.0 25.5 99.9 50.1 9.9 0.0 0.0 40.0 
63.3 11.2 0.0 0.0 25.7 100.2 49.8 10.0 0.0 0.0 40.2 
300℃
55.6 12.0 0.2 6.4 25.6 99.8 45.5 11.1 0.1 1.6 41.6 
55.7 12.1 0.3 6.2 25.5 99.8 45.7 11.3 0.1 1.5 41.4 
56.2 11.8 0.3 5.9 25.2 99.4 46.3 11.1 0.1 1.5 41.1 
350℃
56.7 12.0 0.3 5.8 25.3 100.1 46.3 11.2 0.1 1.4 41.0 
57.4 12.0 0.2 5.2 25.4 100.2 46.6 11.1 0.1 1.3 40.9 
60.7 11.8 0.1 0.9 25.2 98.9 48.6 11.0 0.0 0.2 40.0 
400℃
50.8 13.6 0.3 8.7 26.4 99.8 41.9 12.8 0.1 2.2 43.1 
51.4 13.5 0.3 8.4 26.2 99.8 42.4 12.7 0.1 2.1 42.8 
53.4 13.4 0.3 6.3 25.8 99.2 43.8 12.5 0.1 1.6 42.0 
475℃
46.3 15.0 0.4 12.1 26.2 100.0 38.9 14.3 0.2 3.1 43.6 
46.2 14.9 0.5 12.0 26.2 99.8 38.9 14.2 0.2 3.1 43.7 







1 2 3 4 5 Avwrage
wt%
Cu 16.0 15.5 15.8 16.0 15.7 15.80 
Fe 8.5 8.3 8.3 8.4 8.5 8.40 
Pb 38.4 38.4 38.3 38.4 38.5 38.40 
Bi 16.0 17.6 16.5 17.0 17.3 16.88 
S 20.4 20.5 20.5 20.4 20.6 20.48 
Total 99.3 100.3 99.4 100.2 100.6 99.96 
at%
Cu 21.1 20.3 20.8 21.0 20.5 20.72 
Fe 12.7 12.4 12.4 12.5 12.6 12.53 
Pb 6.5 7.1 6.7 6.8 6.9 6.79 
Bi 6.4 7.0 6.6 6.8 6.9 6.73 
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